& Key message Quality and reliability of forest resource assessments depend on the ability of national forest inventories (NFIs) to supply necessary and high-quality data.
only on forest area and growing stock but also on forest stand productivity, wood increment and its components. & Aims The main objectives were to assess the capacities of forest inventories, the methods used for estimation of gross increment and its components and their accuracy and to demonstrate an effective method for estimation of increment when direct inventory methods are not available. & Methods Data about national forest inventory methods were obtained from 30 responses to a questionnaire, distributed amongst national correspondents of all European countries; reports of COST Actions E43 and FP 1001, databases of Temperate and Boreal Forest Resource Assessment (TBFRA) 2000 and State of Europe's Forests (SoEF) 2011 were used as well. Analysis and comparison of results from different forest inventories were used for evaluation of data reliability. Relationships between growing stock and gross increment in European forests were also analysed, and corresponding models were proposed. & Results Seventy-nine percent of European forest area is covered by national forest inventories (NFIs) based on sampling methods and the rest on stand-level inventory and other inventory methods. Data obtained by aggregating standwise data usually underestimate growing stock by 15-20 % and gross increment even more. Almost half of the European forest area (47 %) is monitored using permanent plots, measured twice or more, allowing the estimation of gross increment and its components to be made directly. & Conclusion Implementation of NFIs based on sampling methods, especially with permanent plots, resulted in an improvement of data quality and in most cases an increase of growing stock and gross increment. The estimation of natural losses is the weakest link in today's NFIs and in the current assessment of European forest resources. The proposed default values for gross increment and its components is an option to be used in countries not having NFI at all or those which have started it only recently.
Introduction
Increment plays a decisive role in the process of forest management control and estimation of its sustainability level. Since the increment quantities in comparison to the assessed volumes are relatively small and also subject to wide variation, exact increment evaluations are time-consuming and costly. Two basic terms are gross annual increment (GAI) and net annual increment (NAI). GAI is defined as the average annual volume of increment over the reference period of all trees measured to a minimum diameter at breast height of 0 cm. NAI is GAI minus the volume of natural losses or trees that have died during the reference period. There exists a wide range of methods for estimation of increment. One method for assessing GAI would be to estimate annual increment for all individual trees (e.g. based on increment boring or diameter differences) and aggregate these for the entire assessment unit. In principle, the increment of trees that have died or have been felled during the period between measurements should also be added, although this quantity is often negligible. GAI can also be calculated from a number of other variables frequently included in forest resource assessments. These are the changes in growing stock, fellings and natural losses over an assessment period. Therefore, these quantities can be regarded as components of the GAI. NAI has been defined as GAI minus natural losses, alternatively as the change in growing stock plus fellings. These relationships are general and are described in textbooks as Loetsch et al. (1973) .
European countries have developed very different inventory systems and different methods to assess gross increment and its components. Three main forest inventory methods can be distinguished at the country level in Europe:
-Inventory by sampling method, using permanent plots -Inventory by sampling method, using temporary plots (a combination of permanent and temporary plots may also be used) -Aggregation of data from standwise inventories National forest inventories based on sampling method can also be integrated with GIS technology, allowing a direct estimation of the forest area to be made. In such a case, the total area of a certain stratum, region or country is the sampling frame. The area represented by one sample plot can be calculated by dividing the total area by the number of plots within the sampling frame or according to distance between equidistantly allocated plots. The forest area is then estimated by multiplying this value of area per sample plot by the number of sample plots in the forest.
The feasibility of national forest inventories for assessment of increment and related variables depends on which type of plots is used: permanent or temporary or both. After the installation and the first repeated measurement of plots, national forest inventories based on permanent sample plots are usually able to estimate directly and with known accuracy not only growing stock but also periodic gross increment and its main components. Such inventories have become reliable tools for assessment of forest resource dynamics, as well as control of forestry efficiency, the efficiency of forest logging and control of all other information related to wood flow from the forest.
National forest inventories based on temporary plots are capable of supplying reliable data with known accuracy on both growing stock and gross annual increment. Nevertheless, data on the various gross increment components, fellings and dead trees derived from temporary plots normally have lower accuracy. This lower accuracy is caused by a lack of direct measurement at tree level of increment and the greater difficulty of assessing the time of felling or death of trees, using only one single measurement of the sample plot. Several other aspects related to methods of increment estimation and their harmonization have been discussed by Gschwantner et al. (2016) . Examples include sampling grid, use of remote sensing, sample tree selection methods, forest area changes, dbh thresholds, the use of models and tree parts included in estimates. All of these may to some extent influence the national increment estimates, although it is not always easy to say if one method is more correct than another.
Compilation of national inventory results by aggregating stand-level data for all forests has survived under conditions of a centrally planned economy (Brukas et al. 2002) . Under other circumstances, it is problematic to ascertain the regularity and coverage of inventories independently of forest ownership. Data obtained from standwise inventories (SFI), especially those based on ocular estimates, are characterized by frequent systematic deviations. Gross increment, including its components, can only be estimated in an indirect way and is of low reliability. A complete coverage of stand-level inventory for a whole country normally takes 10-15 years. During this period, forests change due to natural growth and silvicultural measures. The reasons for these changes are not recorded and cannot be accounted for. Many attributes important in forest assessments, such as gross annual increment and volume of felled, dead trees, cannot be reliably and cost-efficiently ascertained by applying stand-level inventory methods at all. National forest inventories (NFIs) based on permanent plots, on the other hand, is used to provide reliable estimates for most important attributes by a direct way and is also being used as a tool to validate all other inventories .
The goals of this study were to assess the capacities of forest inventories and the methods used for estimating of gross increment and its components, to compare estimates of increment and its components obtained by different inventory methods and to demonstrate an effective method for estimation of increment when specific inventory data for estimation of increment are not available.
The main tasks of the study are the following:
1. To assess the capacities of European countries for estimating increment in forests; 2. To assess the impact of forest inventory methods on the quality of increment estimates; 3. To estimate relationships between various forest characteristics and gross annual increment including its components, to be used as an aid for future forest reporting in cases where extensive data are not available. Every country provides data on forest area and growing stock as a minimum for forest resource assessments (UNECE/FAO 2000; FOREST EUROPE, UNECE and FAO 2011; Tomppo et al. 2010) . GAI is reported for the assessments by a more limited number of countries. The main reason is a lack of inventory methods able to supply such data. An analysis of gross annual increment and growing stock data showed that there is a correlation between these variables (Kuliešis 1993) . It means that it is possible to use this relationship for estimating GAI from growing stock volume and other forest stand variables. All countries, according to the presented characteristics of growing stock for SoEF 2011, were classified into six groups (Fig. 1) . The reporting comprised the reference years 1990, 2000, 2005 and 2010. Complete data on gross increment for SoEF 2011 were presented by 12 countries only, however, not always for the entire 1990-2010 period. Only seven countries (Austria, Finland, Lithuania, Norway, Slovenia, Sweden and Switzerland) provided data on GAI and its components for SoEF 2011, estimated directly from measurements on permanent plots. Estimation of all components of gross increment, especially natural losses, is problematic for the rest of the countries. One possible solution is to assume a corresponding development in countries having similar growth conditions and silvicultural regimes. The relationship between growing stock and gross increment was investigated for groups of countries with similar growth conditions, grouped by classes of growing stock (FOREST EUROPE, UNECE and FAO 2011). All European countries were classified into six groups. A difference in mean growing stock of 40-80 m 3 /ha was used to identify the group. Countries not having NFI generally use various indirect methods for GAI estimation. Indirect methods usually give underestimated values of GAI, compared with direct or semi-direct methods of GAI estimation. That was the reason for splitting the second and third group of countries into two subgroups. Mean growing stock, gross increment, its components and their relationships were estimated for every country group using data from TBFRA 2000 and SoEF 2011. Data on thinnings and natural losses in forests of Lithuania, Sweden and Norway during 2010-2012 were also utilized. More complicated relations between components of gross increment in uneven-aged forest stands were assessed in forests of five different regions (Jura, Plateau, Pre-Alps, Alps, Southern Alps) of Switzerland during four time periods (1983-1985, 1993-1995, 2004-2006, 2009-2011) .
Materials and methods
The results of the analysis were used to evaluate possibilities for developing default values for gross increment and its components. Although default values for increment estimation will not provide estimates of the same quality as a detailed inventory, it would be beneficial if countries with a lack of data could be able to provide at least an approximate estimate, rather than no data at all.
Results

Comparison between GAI, its components
and growing stock reported to the forest resource assessments TBFRA 2000 and SoEF 2011 3.1.1 Participation of countries in international forest resource assessments Data on total forest area and growing stock were presented by all 43 European countries according to agreed formats and definitions. Countries' ability to respond to other questions differs quite a lot, especially for those questions where more complex inventory methods are required. An analysis of countries' data reporting on GAI and its components shows a change in activity over the period between 2000 and 2011 ( Fig. 2) .
Most countries reported on fellings and net annual increment, which is one of the most important pan-European indicators for sustainable forest management. Countries use for their reporting not only data from inventories but also from industry and market statistics, i.e. from sources outside forest inventory. Countries were generally more active in TBFRA 2000 compared to SoEF 2011 in reporting all variables (Fig. 2) . The number of countries reporting GAI and natural losses for 2011 decreased to the level of 44-58 % analysed by considering the forest area and growing stock represented by the countries, compared to 92-95 % in the year 2000 (Fig. 2b, c) . Reporting on fellings and net increment was more stable in both assessments and changed from 94-99 % in 2000 to 83-92 % in 2011 (Fig. 2b, c) . The number of countries reporting fellings and net increment decreased more noticeably, from 39-40 in 2000 to 28-33 in 2011 (Fig. 2a) . Only a few European countries (Austria, the Netherlands, Norway, Sweden, Switzerland) had the possibility at the end of the twentieth century to present reliable data about all gross increment components based on direct measurements on permanent NFI plots. Nevertheless, some countries including Albania, Belarus, Bulgaria, Estonia, Hungary, Latvia, Lithuania, Moldova, Poland, Romania, Slovakia and Turkey presented data for TBFRA 2000 on gross and net increment, natural losses and fellings based on expert estimates, modelling and information on removals. Only some of the countries did specify this information 10-20 years later, using NFI data with one remeasurement as a minimum (Fig. 3) . Countries are not legally required to report data to the process conducted by FOREST EUROPE, which may be one of the reasons for the incompleteness of the presented data. Countries with fewer forest resources usually also have smaller forest inventory capacities and fewer possibilities to present complete data. 
European forest inventory methods and their changes
An analysis of forest inventory methods, reported by respondents of questionnaires and materials presented in the book published under COST Action E43 (Tomppo et al. 2010) , allows us to rank all countries according to their application of NFI by sampling method (Fig. 3) , as well as to estimate what portions of forest area and growing stock are surveyed by various inventory methods in Europe (Table 1 ). The first national forest inventories by sampling methods were implemented by Norway (1919 ), Finland (1921 and Sweden (1923) (Tomppo et al. 2010) . These inventories allowed an objective estimate of the main parameters of forest resources to be made, such as growing stock and gross increment. Inventories capable of supplying data on gross increment components, such as natural losses and fellings, were started in 1980-1986 by Austria, the Netherlands, Sweden, Switzerland, Norway, Germany and Spain (Tomppo et al. 2010) . A pioneer in this field was the USA, which started continuous forest inventory on the basis of permanentplots inthe1930s(StevensonandMeyer1940; Stott and Ryan 1939) . All European countries that started their NFI after 1997 (Lithuania, Estonia, Luxembourg, Slovenia, etc.; shown in as assessment of major damage, and enlarged the scope of remeasurements in 2013 to make direct estimation of growing stock and increments. Most countries re-measure plots every 5 years, allowing reliable estimates of natural losses to be made. Countries using 10 years or longer re-measurement periods, especially in intensive growth zones, often have problems with identification of natural losses. Up to now, 29 European countries, including the Russian Federation, have implemented NFI based on permanent plots and four countries based on temporary plots (Fig. 3) . Completion of an NFI based on permanent plots takes from some years up to 20-30 years and plays a varying role in forest assessment, as well as in evaluation of forest management decisions.
The distribution of forest area and growing stock in Europe, assessed by the two main inventory methods, is shown in Table 1 . The data of forest area and growing stock volume, shown in Tables 1 and 2 , are taken from SoEF 2011 (FOREST EUROPE, UNECE and FAO 2011). NFIs, based on sampling methods, have been used for 82 % of the total European forest area or 80 % of the corresponding growing stock. For the rest of forest area (18 %) and growing stock (20 %), stand-level forest inventory or other inventory methods are used (Table 1) . The number and level of detail of parameters for forest stands, obtained by SFI, is limited and very often based on an ocular inventory method. Estimations are made with unknown accuracy, and forest resources are usually underestimated. Estimates of increment and especially its components are available only with low reliability and accuracy.
Three time periods (Fig. 3) Table 2 ). The majority of countries use periods of 5-10 years for permanent plot re-measurement or temporary plot establishment. It means that 5-10 years after an NFI with permanent plots has been established, data on growing stock and gross increment can be provided, analogous to NFIs based on temporary plots. The first data on gross annual increment and its components, obtained in a direct way, can be provided after the first repeated measurement of permanent plots has been carried out.
That was the idea to divide all countries using NFI with permanent plots, into three groups: (1) countries (10) that have established NFIs with permanent plots up to 2000 and having at least two and more completed measurements; (2) countries (10) with established permanent plots from 1994 up to 2006, having at least one repeated measurement and (3) countries (8, excluding Russian Federation) with ongoing establishment or first repeated measurement of permanent plots (corresponding to Table 2).
3.1.3 The impact of inventory methods on the quality of increment and growing stock assessments Some countries (Lithuania, Estonia, Denmark, Ireland, Latvia) have reported data for TBFRA 2000, based on SFI, while they used sampling-based NFI data for the same time period when reporting to SoEF 2011. Growing stock, assessed by SFI, is for these countries generally underestimated by 15-20 % and more (for example 30 % in Ireland) compared with the later assessment based on NFI data (Fig. 4) . GAI, assessed by SFI, is underestimated even more (20-30 %), as a result of a lower growing stock estimate and inaccurate stand characteristics, according to which models or tables for GAI estimation are chosen. For every consecutive SFI, a less pronounced underestimation of the main stand characteristics is typical, as well as a smaller estimation bias, every time giving a smaller difference in growing stock compared with the real situation. This feature of standwise inventory is especially harmful to carbon assessment results, based on estimated changes in growing stock. Due to results that are actually becoming more accurate over time, the estimated amount of the accumulated biomass in forest stands can be highly overestimated. Ireland estimated growing stock for the year 2000 at 110 m 3 / ha, using NFI 2006 data, while it was estimated at 74 m 3 /ha according to FRA 2000, using SFI data (Fig. 4) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) , shows rather pronounced differences . Growing stock of all stands in the SFI was underestimated up to 15 %. A follow-up of the analysis of the results from NFI and SFI, including methods, standards and models, indicates a positive development towards increased accuracy of the SFI at the country level. The underestimation of growing stock decreases gradually over the first 5-year period compared with the last 5-year period, from 15 to 9 % in all stands and from 17 to 12 % in mature stands. This is a result of the application of objective inventory methods in the more valuable, mature stands in the SFI, as well as continuous training of surveyors of the SFI, in addition to harmonization of models and standards used in the SFI and NFI. Harmonizations of form factors (Kuliešis et al. 2012 ) and mean height estimation models (Kuliešis et al. 2014 ) used in the NFI and SFI resulted in a decrease in the difference in growing stock obtained by these inventories of 1 to 3 % in general and of 5 to 10 % in young stands. Gross increment was underestimated 22.5 % compared with the NFI by the Lithuanian SFI for the first 5 years (1998) (1999) (2000) (2001) (2002) . After 10 years, deviations decreased up to 18.8 % due to more careful specification of models and additional training of surveyors ).
An analysis of GAI characteristics in countries of different forest productivity confirmed our previous result on the impact of inventory method on the gross increment estimates (Figs. 1 and  5) . GAI in forests of group 2b (Russian Federation) has an increment less than forests of the first group by 1.3 m /ha less than the second group. Estimates of growing stock and GAI in countries of the second group are based on longterm continuous NFI and are likely to be reliable and of high accuracy. Countries of the second group and the Russian Federation, having very similar values of growing stock, would also be expected to have similar values of GAI. GAI reported by the Russian Federation for SoEF 2010 is, however, less than half compared with that of the countries of the second group. Increment in the forests of the Russian Federation is underestimated due to the specific estimation method applied in the country.
Growing stocks of country groups 3 and 3b are very close, but GAI in forests of 3b is 1.8 m 3 /ha higher compared with the increment of country group 3. The most likely reason for the difference between country groups 3 and 3b is the assessment method. Countries of group 3b use NFI, based on permanent (the Netherlands) or temporary (France, UK) plots (see Figs. 1  and 3, Table 3 ), while most of the countries in group 3 use Fig. 4 Comparison of growing stock (a) and gross increment (b), using TBFRA-2000 data, based on standwise and SOEF-2011, based on national forest inventory by sampling method data standwise forest inventories (Hungary, Bulgaria, Turkey). The NFI in some countries (Italy, Montenegro, Hungary) was launched less than 10 years ago, and more reliable results will be available for future assessments. For SFI, an underestimation of growing stock and GAI is characteristic (Fig. 4) .
Development of guidelines for simplified GAI assessment
The range of productivity of European forests
All European countries were classified into six groups, according to their main indicator of productivity, expressed as mean growing stock (Fig. 1) . For every group of countries with different forest productivity, a mean growing stock was estimated for all forests, for FAWS, as well as the mean age of stands and gross increment in stands. FAWS forests available for wood supply, where any legal, economic or specific environmental restrictions do not have a significant impact on the supply of wood (UNECE/FAO 2000) . Growing stock in all European forests changes from 52 m 3 /ha in the countries with the least forest productivity (first group) up to 311 m 3 /ha in forests of very high productivity (sixth group). Growing stock in FAWS is 4-17 m 3 /ha higher compared with growing stock of all forests (Table 3) .
The difference in growing stock between neighbouring groups of countries is on average 40 m Fig. 1 b % excluding 2b (Russian Federation) method was changed from SFI into a more reliable NFI by using sampling methods. The apparent increasing growing stock during 1990-2010 is a result not only of increased wood accumulation in forest stands due to growth but also to some extent due to different inventory methods (Fig. 4 ). An indirect method for estimating GAI is usually the only option for countries without an NFI. Such methods normally underestimate the increment compared with estimations by direct or semi-direct methods. That was confirmed by analysis of results of the second and third group of countries split into two subgroups. GAI of different country groups changes in a similar way to growing stock (Fig. 5) . GAI of the sixth country group exceeds the increment of the first country group on the average by 8 m 3 /ha. The GAI differences between country groups are not as pronounced as the differences in growing stock. They depend on the variation of methods used by countries, not only for growing stock but also for increment estimation. Increment percentages during 1990-2010 period are in most cases stable, with a moderate increase (for countries of low forest productivity) or even decrease (for countries of higher forest productivity).
Relationship between growing stock, gross mean annual increment and age
Regression analysis of GAI, growing stock and mean age data, reported for SOEF 2011 by 17 countries, showed that the percentage of GAI can be expressed by Eq. (1), shown in Fig. 6 . This relationship is suggested for deriving GAI in cases where this quantity is not directly available from existing forest inventory data
where M is the mean growing stock volume, m 3 /ha, and A is the mean age, years (Fig. 6) .
Deviations of gross annual increment did not exceed 15 %, calculated by Eq. (1) from data presented by 10 countries for SoEF 2011, representing 85.1 million ha or 75 % of the forest area of all 17 countries. Larger deviations are usually typical for countries not having long-term national forest inventories based on permanent plots (Croatia, Hungary, Italy, Turkey, UK).
Approaches of natural loss estimation
The most complete information of all components of GAI is data on volume of felled trees. Most problematic for countries is data on mortality or stem volume of dead trees. Data presented in TBFRA 2000 show that the share of natural losses of GAI in European forests varies from 2 to 7 % (Austria, Finland, Norway, Sweden) up to 27-33 % (Belarus, Russian Federation). Observations on permanent plots, studies of several growth models and yield tables elaborated for even-aged stands (Kuliešis 1989 (Kuliešis , 1993 Pretzsch 2010; Kuliešis et al. 2010b) show that on average, 50-70 % of all increment can be accumulated and used by final felling, depending on forest stand growing conditions. The remaining part of gross increment (30-50 %) represents mortality or natural losses. Natural losses can be reduced by thinning. An increased number of thinnings and increased intensity of thinnings contribute to a reduction of the volume of dead trees and the natural losses. Utilization of dead trees also depends on the intensity of thinning. With increasing intensity of thinnings, the probability of using dead trees increases (Table 4) . These conclusions were confirmed by analysing data of thinnings and natural losses in forests of Lithuania, Sweden and Norway. They allow to propose default values based on a theoretical approach of forest stand development ) for estimation of mortality (Table 4) .
More complicated relations between components of GAI exist in uneven-aged forest stands. Study of gross increment components in forests of five different regions (Jura, Plateau, Pre-Alps, Alps, Southern Alps) of Switzerland during four periods (1983-1985, 1993-1995, 2004-2006, 2009-2011) showed a large variation in the components of GAI. All regions were divided into two parts according to the intensity of fellings. Forests with a percentage of fellings of up to 50 % of gross increment were assigned to the group of low intensity and over 50 % to the group of high intensity. For forests of the first group, a high share of the dead tree volume of gross increment is characteristic (13-42 %) and correspondingly a low share (2-25 %) of felled dead tree volume of the total volume of dead trees. The intensity of fellings ranges from 34 to 106 % of GAI in forests of the high-intensity group. Percentages based on this study were proposed as default values uneven-aged stands (Table 5) .
Results from this study (Fig. 6 , Tables 4 and 5) were included in technical documents of the Questionnaire on PanEuropean Indicators for Sustainable Forest Management 2015, as an alternative for countries not having the possibility of estimating these variables in a direct way.
Discussion
The response rate from European countries for annual increment, fellings and natural losses was generally higher for the international forest resource assessment TBFRA 2000 than for SoEF 2011. As inventory methods have been improving over this period, that is somewhat surprising. However, countries are not legally required to respond to these assessments, and the less number of responses may also be related to the workload on national correspondents, in that reporting has become more frequent and more comprehensive.
The reliability of assessments on forest resources depends mainly on the forest inventory data. For stand-level forest inventories not using sampling methods, an underestimation of the main stand parameters is typical (Kangas et al. 2004; Šmelko et al. 2008; Kuliešis et al. 2010a ). The number of countries using NFI based on sampling methods in Europe increased from 10 at the beginning of the period (1990) up to 33 at the end of the period (2010). An especially big achievement of this period is the introduction of an NFI in the Russian Federation. Twenty-two countries launched NFIs based on permanent sample plots from 1999 and later. Some countries (Denmark, Estonia, Latvia and Lithuania) presented data from different sources for TBFRA 2000 and SoEF 2011. A comparison of data presented for the same year from different inventories shows that data on growing stock based on SFI are underestimated by 10-20 % (Fig. 4a ). These differences are confirmed by NFI data from other countries. In the Czech Republic, the growing stock was estimated at 328 m Share of felled dead trees in total natural losses, % P M0K
Up to 50 % (10-47) 23 (13-42) 5 (2-25) 51 % and more 14 (4-37) 7 (3-27) Development 2008 Development , 2013 . Since the forest area has also been found to be considerably larger by the NFI, it means that the total GAI is about twice as large as previously estimated. In Poland, the difference between growing stock estimated by NFI 2012 and SFI of the same time was 6 % (Talarczyk 2014). The rather low level of differences between growing stock data from the NFI and SFI in Poland can be explained by similar sampling designs (in both cases, statistically allocated plots were used) and similar principles in estimating growing stock in the SFI and NFI of Poland (Talarczyk 2014) . In both cases, the estimates were based on individual trees.
NFIs based on permanent plots cover 69 % and those based on temporary plots additionally 13 % of the total European forest area, corresponding to a total growing stock of 70 and 10 %, respectively. Regular measurements of permanent plots are a source of reliable information on growing stock, its changes, gross increment and its components and especially the essential information on fellings and natural losses. The reliability of statistics will be improved over the next 10-20 years, when remeasurement of permanent plots will be completed in five countries, including the Russian Federation. The results of this study, as well as those from other authors (Kangas et al. 2004; Haara and Leskinen 2009; Šmelko et al. 2008; Kuliešis et al. 2010a) , show that amongst the reasons for differences in growing stock are (1) applied models, (2) not updated data and (3) subjectivity of applied methods inventory.
Errors in the growing stock estimates will also seriously affect the estimates of GAI and its components (change in growing stock, fellings and natural losses). Models elaborated for the estimation of stem volume (including heights of individual trees based on a specific tree distribution by size) decrease mean height and mean growing stock up to 15 %, and on average up to 3-5 %, when they are applied for the estimation of mean characteristics of stands (Kuliešis et al. 2012) . This is especially pronounced in young stands.
An analysis indicates a general increase of the growing stock, when data of different points in time are compared. For Europe, the change in growing stock represents on average 20-30 % of gross increment .
The subjectivity of surveyors can usually be estimated by comparing the results of subjective inventories with results of objective ones, performed at the same time and after excluding all other factors (different models, units of estimation, etc.). The results from an analysis of inventory methods and possible deviations of growing stock due to application of subjective methods indicate that the actual growing stock in European forests is likely to be higher than estimated for SoEF 2011.
Implementation of NFIs based on sampling methods resulted in an improvement of data quality and in most cases an increase of the reported growing stock and GAI. The impact is somewhat slower for gross increment than for growing stock. Reliable estimates of gross increment and its components are normally available only after the first or the second repeated measurement. In cases where re-measurements are done less frequently, such as every 10 or 15 years (Federal Ministry of Food, Agriculture and Consumer Protection 2006), difficulties arise in how to identify felled and dead trees.
Estimation of natural losses is the weakest link in today's NFIs and the current assessment of European forest resources. For SoEF 2011, data on gross increment were presented by 21 countries, and data on net increment by 28 countries. It means that in principle, 21 countries had the possibility to estimate natural losses. In reality, data on natural losses were reported only by 13 countries for SoEF 2011, and of these, only 9 countries had an NFI based on permanent plots. The natural losses reported for SoEF 2011, as a percentage of GAI, changes from 4.6 to 9.0 % (Finland, Norway, Slovenia, Sweden) up to more than 17 % (Austria, Lithuania, Switzerland). There is a reason to assume that due to practical management and the necessity to maintain and to enhance biodiversity, natural losses cannot be kept less than 5 % or perhaps 10 % of gross increment. The current natural losses significantly exceed this threshold in some countries. This fact also shows the necessity for applying more modern inventory methods and modern methodology, making it possible to assess gross increment and its components.
Studies have previously revealed a correlation between growing stock and GAI (Kuliešis 1989 (Kuliešis , 1993 Pretzsch 2010) . The study of relationships between growing stock, age and gross increment make it possible to propose default values for gross annual increment and its components, as an option to be used in countries not having NFI at all or those which have started it only recently. Precision of predictions is often given as a percentage of mean observed value. In our case, the precision of predicted gross increment was estimated at 15 % for 59 % of all compared countries or 75 % of their forest areas. The obtained precision is not very high but corresponds to the quality of the material used for the model (1), characterized by a high variation of data and a limited number of variables. Especially problematic for several countries is data on mortality or stem volume of dead trees. The likely intervals of this quantity, given as percentages of GAI, have been presented separately for even-aged and uneven-aged forest.
Together with knowledge about forest management and the general forest situation of the country in question, these guidelines may be used to provide more complete reports to international forest resource assessments.
Conclusions
1. European NFIs, organized on the basis of permanent plots by 29 countries and on temporary plots by four countries, represent a network of national forest inventories, supplying the community with a regular flow of information on the development of European forests. 2. Forest inventories, based on standwise surveys usually underestimate growing stock up to 10-15 % and gross increment up to 15-20 % compared with estimates obtained by inventories based on tree-level measurements. The main reasons for differences in growing stock, estimated during tree-level and stand-level inventories, are the same models, applied for estimation of the same parameters in stand (SFI) and tree (NFI) level inventories, ignoring the distribution of trees by their diameter or height in the stand; the lack of appropriate updating of SFI data; use of subjective methods by surveyors, which decreases rather than increases the value and accuracy of the characteristic. 3. Application of indirect methods for increment estimation during stand-level inventories is an additional source for decreasing gross increment accuracy, compared with that of corresponding growing stock estimates. 4. Natural losses represent the difference between gross and net increment and is a very important indicator of forestry efficiency. However, estimation of natural losses is the weakest link in today's NFIs and the current assessment of European forest resources. Only 43 % of all countries, having the possibility to estimate natural losses, reported data for SoEF 2011. 5. The proposed default values for mean gross annual increment and its components, based on growing stock and age in addition to some theoretical approaches, is an option to be used in countries not having NFI at all or those which have started it only recently.
